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BIRIT R0 IR RV IE S5 SUGHEE, BRSO R D PR AR BRGSO DA 2R 1) 88
REALHIE T, LA RAE SR 60 it 2 OAR AR 28 1) 4 A i 1 5 B ToU B Dy 9 i B AR T R 38 1) 4
G2 s, FRHE R PR AT AR I T B0 B bR IEAEK, 5K B RS AN BUT T SCmli 4
% (distributive fluvial systems, LA Ff##% DFS) 5% (Hartley etal., 2010; Weissmann et
al., 2010; 5KERAE, 2017, 2020, 2023; SKAEMESE, 20190, M7 SRR 5 A0 RO
PR TTRURS A B B AT R G428, W UTRRAAR RPN T 30 km (PR RV /NAL 43 5
TR, TURUA RBUSLE 30 km~100 km 30 AR B R VA KBS 43 SCTIRLAR 3R, OB R BUASE
KT 100 km F AR B RIIE B R 43 SR AR &R

DU B SRR SO AT A R TR AR B 02 PE B R e 3 0 A, B4
R 2 BRVRLFEE S8R YRS TR AN 2 R B SEARZ - Sternberg (1875) B Y ME 127 (0 B ) B 1 A
BEWAEIRE R E IR, I T EEBUE H, BURUBURLAE R B oo e g 2 i BE 4
5 RHRAR FSCAIAIRL s Daubrée (1879) SN FH R A A ADL SISO BEAMIA A O B AL IR AT T 5T
JER T YRR S U, 4 H SURVLE ) S (R AR RLBURLAR S OB, AR R
Jetipz, BLEFMEDOR GEREMMEZE). Barrell (1925) 38 B4 W I PTRRYIRLAZ B4 12 1 25
AL DL FR B a03RIA ks Krumbein (1937, 1942) 33T R G biF 70 i M Ak A7 b 42 B
s PR 2 p AR R, 48 A SR SO A TR R AR R S B B 2 T () S R T SN
Sternberg A3\, I HAER] D' 25 FERH] )t ARVTRBR A KL% 5 s PR B9 2 8] ) AR e e 1
AR HR BT AR E GBI ARE, = 5% i A FE TR R R AU T i
FLREBEIRAREAL . TP (20259 2R AN RIULA 9, 388 I g Rk 43 A7 J8E 7. T B /K 7 v
FLALBRATRLA i i 12 BR AR (AU (1) 58 B % AR I IORR AR 2 1 J A HEAT T50, AT
FoE R T — @SBRI, NTTBRRAR IR AR LR BT R AL 1 3T %

S RIS DURRYIRL L VR AR AR AR AT 1 R BT AT, TS 1 2 ok B3 Jal i 2y,
HIOE FPEI AR BOR S , JEHAS AR, N[BT 50T DFS T I Fo b
WIRAS L o BF 58 LATE S AR T RS ST I B et B, SRR Tl 2 ST R A R T RLE i
RIS, PRZR IS TURR A AR (KR AR (R, 3 SR IAL s AR AL B W R 8 s LAY, DA
WIRE S A 72 B R AR AR, Dy T b T ORI 5 R AT B Bt B B R AR SCHF

1 WHFE XL

KA B R AL T2 IA AR B R ma 3 (& 1a) FHFE AR IR T RIS 3 2 85X, M
WMEBCE LW PEIES (EFEHFEMET, 2001; A/, 2013). XS ETEE, BFER
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Z X, JBT AT RIRME RS E (EE&EMIR, 2001; FF, 2013) Kk
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Fig.1 Overview of the study area
(a) geographic position of Dagle fluvial fan; (b) morphology, distribution range, facies distribution with the sampling points location of

Dagle fluvial fan; (c) satellite image of Dagle fluvial fan; (d) fan surface slope gradient profile
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R, S EES BE 26.33 kms  FRAREARZN 47 km, THFIZ) 863 km?, R#EIK B RS (2023)
(¥14328, 9 R%Y DFS Yul, J& TR o R BT i T LB AR B s Vs X, T
DL N A . ik Rt Ea (& 1b), Ak, b kg, Bk, X
IFi) 45 22 DR 2R B, B A TS SR B — S PO AS KRR , 848 1) D (i % , JRT3AE L LU AR 3 041 m,
RIHFR 2 665 m, % 376 m, Hhm FABE L 0.8% (K 1c).
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AN (B 1b)e ERFERK 20 km Z2h, 2905 AR KT 42.6%, AES 61 2 R
ZATRIEA, B . SR, DOV EE . WRISUTRRL R AE AT P2 9T, TR By,
IBONBRAT R, FEFRBSTH A 0~6.5 km BN, 5 DFS B KT 13.8%, L 1.6%, IE
AR DI . (B 200, 1A FIEEHTAR 5048 DUEIBLERR A 3, BORRRARLARIA
Kbk, ERRAE SR AR RR TR (B 2b); TIELAEFETIN6.5~20 km JEE A, 5 DFS &
K 28.8%, L 1.4%. ABGATE A R BAR vE AR, AL /N SR RITIE (1 20)
R AGE (B 2d). JURPILAARE. FERRIRD TN £ (B 20), #4000 B WA ERR (B 2D,
I EAFREEWEKE . FRXA T 20km BL N X, SUTHE RK AL 57.4%, HFE
WPE 0.3%. AX YU LD A (B 20D, i X A4l KA BOARBEX (B 2h),
DX 35 Py 25 g S SR, R T G R, 1) DXV AR A T R AT SRR M . AR K T
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B2 KRB o DORE T A . DTRAIRL EERFAE
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R B RSRRR VLB (6 _E RS TLERERRRLRRURL: (@) TR FRIUEG () A FAK R Bt

Fig.2 Channel mo y and sediment grain-size characteristics of the Dagle fluvial fan
(a) incised channel in the upper f@&c Toulders and coarse gravel sediments in the upper fan, section I; (c) wide and shallow

channel in the upper fan, section II; (d) sheet flow paths in the upper fan, section II; (e) sandy-gravelly deposits in the upper fan, section II;

(f) boulders and coarse gravel sediments in the upper fan, section II; (g) fine sandy deposits in the lower fan area; (h) farmland and water

conservancy facilities in the lower fan area
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UL L DR AT M, BENFEEIURIE . ORI AESE, Horboxh 15 4
sAL (P1y P4~P18) [ItRA EARREATINE, MRARVTARYIRL L AR AL KRAEME 5 EXS 7 > s Aot
(P14~P20) BEAT T RAE. KA BT B ORI FERG S SRR 2R 0 S5 AN R X 1), A 222 531
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FH B8R A (1 B B RBR P A S AR VOB L E R, AR AT TR KB R AR AR AR R, %
A IR A A R R . FEB IR, 3T EAR 10 om PR ROEERRATHLRR, R AR
BHEMELRRGRR (B 32), XERAGRAR 10~1 cm FIFRG A0 X, Hid B A 0w iR
A, R image) BRI ERRA a B (B 3b): X EARDT 1 em BIBRA ST
RATHENTEEATRIEE 30T BEFIEATE 1S ARG & £, E8A IR SURSENR A FEAR 150
ANULE, FARERA R RS 2 778 A (58 1), DLGuiHifF 7 X BR A e KR A kLA 351k
AR, HrSPIRRATRIAR N AR A REAR M FEA P 9L

T,

B3 BHENEZREE
(a) BREBEME; (b) imagel H A H

Fig.3 Schematic diagram of direct measurement methods

(a) direct measurement by tape

x1 HRE®

Table 1 Maximum and avera

;((b) measurement using imagelJ software
RIFERARIE

gravel diameters in the study area

YA

AL FETH P BS/km FEAH BRBRATRIAR/cm SFEBRATRIAR/cm W&
Pl 0.00 156 90.00 7.04 BN
P4 233 151 36.00 4.79 BN
P5 A \,— 173 55.30 475 BN R
P6 4.0{% 203 19.50 4.16 BN
P7 4.69 254 38.55 6.38 B
P8 5.26 151 12.24 3.13 BN
P9 5.94 150 23.12 4.48 BN A
P10 6.63 186 19.88 421 B

P11 7.16 177 9.70 4.04 BN A

P13 8.08 200 9.53 291 BN

P14 8.69 179 6.95 2.97 BN

P15 9.78 299 7.67 2.29 BN

P16 10.48 154 5.30 1.28 BN

P17 10.87 152 5.61 1.61 BN

P18 12.17 193 3.76 1.63 BN

P19 14.32 0.50 iTVIRES

P20 17.54 0.44 [iiiReS
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22 fEME

B A% 1 em BLR AN AR AR DTR B SR AT I AT R A0 o 1 SRR 5 1
SRIR B B KIZI, CARBREE S R R0 (B 40), KPR 225 H
BB, B MNTEACETE T, KRB R RAE A 23 B A SR 0 0 AR Bt T v
Ty DABEATIR S 0AE . GRHTES L 0.25 @ JyIalka, R w4 s FLCNHES (18 4b), M B
FKTCN-3D 2,750, 2,50, 20, -1.750, -1.50, -1.250, -10, HIEHHE R, 7+
PR R HX S B PR, KRS ST NS BE IR, KPR SRR, A S 2 0 I IR
iy, BEEURM, ARFHRESEMRE, HFREESILSE (R D, URERELT
BRR AR, IFAIAGESR P ERAR (R 2). BT 2 mm VTR SR OGR4 B
BB

B4 imlfridon s
(a) BERBUALEL: (b) FRHESIR

Fig.4 Schematic diagram of sieving method

(a) sample pretreatment; (b) schematic diagram of sieve arrangement

®2 IRERETRKEESSE

Table 2 Grain-size proportion of sample sediments

R PR TR BE 25 /km TR /% W& /% Kb K i /%

P14 8.69 36.69 10.15 53.16
P15 9.78 60.84 16.15 23.01
P16 10.48 51.02 37.20 11.78
P17 10.87 72.84 23.80 3.36
P18 12.17 61.60 21.62 16.78
P19 14.32 28.53 53.33 18.14
P20 17.54 18.60 64.34 17.06
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POCRLIEE A 1A 2 A i T DA R R RORE A B0 USSR 7 A B B G 9 0 A, F SRR PR



TR AT, 125 108 FH T BV 03 S5 S AURE (<2 mm) (R RLAS I &, SI256 48 FH AR AN 4% 2 36 [ Ls13320
BOCKLEE 73BT o & SRR it B Bk ACIRTENAX #8816 3% Use optical Module Of%#
B, % STAND.SOP SUAF B E M ab R BLIT, IR S XBLHIE A8, il Start 1%
H, Hlas= BTN, FFELL 02501k, RIGHEM RN ARb 5T L e RITAR Y
RLIEE 73 ATANRD 5« By b ot S Pe TR 5 i (3R 20

3 UURRYIRLAR 3 6l E B RALE

W FCE B KRR A LA 5 P SRR A KA A R B S, SRR fRR T s A i i i 7+
AREhBE 1 B K IEIE BE A7, (RIS ) DR M S Wi ot s T PSR 2 MR 7 s B
PR SR R B SIEIZRE ), B, SRR WO EE S 2 R R R LR AN, AT
PASEZR G S K B 3 5 o 3037525 G ARE B2 43 M 225 SRR B, DR 38T Ve Jd D AR 00 4 8 5 Tt
R 7 km Ab B R AR SRAR, FE 13 km Ab H P IARR R S A . SZ LR, P18
UL ERRLEE A 5 P19, P20 B ANE, ARSC I EIRFSCPLS i LA I ITRR I RL RE 6 ik
PE/IKE
3.1 RARMIRIRIR R A RIE S A

BTN DR R A% e #2 BE 5 1) 3 DR i 7 R B BT (RIS TT, 1964;
Brierley and Hickin, 1985; Rice, 1999; Duller'er al., 2010; Whittaker e al., 2011; Dingle et
al., 2016; BREEZE, 2017; BRERESE, 2018; m&EHSE, 2023), HETHE WK AR E R
MIRAETTVE LB — e G TT i R RS T77E LK R T Sternberg JE #1104 B9 &
ik (E 5.
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Fig.5 Three methods of characterizing downstream sediment grain-size decrease
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fiE, x HONUTORIHES RS, y HONUORIRA R, A REAWTF (Rice, 1999):
D =Dy —Bx (D
b x AWGSEE R D AWGSEE By x W TRKLAS . Do AMGSHTIRLAE, RIAIMERLAE;
PIVKIAR AR A . B IR 5 y Bl SE RONHMERLAR (Dodo REVEMETT (1964) &AL
KT NNT BT b —0s B S 2R AR . B 5% (2023) MR 2% F Al —
MR IR AR A A DA A R, ST T R AR AR TR IR A KA AR A 5 S R 2 A A %
FMM . Whittaker ez al. (2011) S — 0 &AM A TR B SL AT R A 5 S b AU R E
BARA, RS Rz R /N T 10 km AUTTARVA RV S I BCRELT . 776 —c &t &
TIE BT 5D FER B O IA R AG 5E AT PR TR A 2 1 N _E A B A S TR .
RN AR I A FK LKA (Brierley and Hickin, 1985):
D=cx® (2)
X, b NRARIBA RZB ¢ NIE R B . Brierley and Hickin \(1985) 7 1 i K AT 97T
FRAR IR AR I R R BB AL . Rice (1999) FEXTEL T &N 9UE 1% Ja K LR s B &
RORAE R ZHE DL T AL o R BN SV AE BT B R A B SN, S 1 iR
RLAR IR PR R AE B AR AR, TR, SV EA IR, &5 I Ho& T DFS
A RIEAH LW .
REANE AR FEARIE N (Krumbein, 1942):
D=Doe (3)
X, o——VTRPIRAR AR I (A3 . BRIEZE (2017) XPARIE L AGRE R 5 AN AR B )
VO PIRAZ IS AR A A B FIIREGI & J7 VA B S T AR ROR o IRBUE S (2018) @7 1 A4l
TUTARYIRAS I FREOR RAAL . Rice (1999) Fi i Bdbh S A £E 22 H1 o0 B & ] TR
Y R SR AE o $R B8ORS RAEVIRIRAZ U AR 2L 72 rp CAS B R B HIESE AR T, 7E %M
R 22 b B (3 P IR e, P REAR AL R BRI S TE IR N, #043 FO B 902 B ofiE K
S WU YR AR SR AL 3 R R (Duller ef al., 2010; Dingle et al., 2016; FFEF%, 2018).
32 ERAMARETLHAE
XL &, SRRV E R TR Zh IR S 4 (Blair, 1999, 20000, 2K
BN I AT A e B A B AR B KA BT B B AR B AR B (R 1, R 20, P1 i
KESARLAR RIYMERRATRIAE Y 90 em, BB TR (7] I 7 170 7K 3l 70 A i 3 6k A ] T AR A i
AW, B K ARARAT 3 % . 2 & A P18 e KA KA T CLFFK % 3.76 cm, P& 1 95.8%.
P18 5 P19 Z[A1R A 1 MERIFTUTAR [0 B ICAR A RAZ o A AN ] FA 480 45 B U0 BF 58 X i K



ARIAE (Do) WREARCHBEAT NG, T B R R A RLAR I T 8O0 RRAY, (] AR
NP1 B P18 2 J8) [ fe KB AT KLAT o
321 AMBHEME

1M — e R B S KR A

Dmax: 90'926}( (4)

Hor Dax WEARBRARAE CRAL: em), x AUUBRMICGEIES AR km), BRA R
RHEP=9.26, MEMEE R?=0.68. HHTHLAMLL (Kl 6a) FTLUKIL, BhIrdmfl & e iy sk
PR R Z O, AR — K, SFRIRZEN 146.33%, BKIRZE AL 703.57%. MY
AL MR, OB RLAR YRR B2 5 10 km CEBIECN 0, 5 SERRTE LA Z R
PRI Z P G R LR WU AR AR, Mt KR AT RLAR S AT s B BT AR B, SR
B2 P10 5 P11 Z [ KB A RLAR R AE I AR, MR R IR X — R IR
GBANEITNE, EH— o R RBUITINE, S B B R A
Dinax= 90-12.6x(P1-P10) (5
Dina= 18.52-1.21x(P11-P18) (6)
BEW A% 2 R2 23095005 0.89 A110.87, SFEL R HIINE LR, “FHRZEN 30.21%, Hri L
FB (A5 BIRZEN 49.98%, THEE (AR 6) HIREN 7.61%, KUIUIHAUE T LI
U Hb Js Wt B KRR A R AR TR I Dk R o Bk RS BRI R BB A AN 12.6 AT 1.21, Ui 2B
BRI AR R S T R, RS SERRE S o 47 ERTR, B 1 — Ju M R B R
A% SR UL B 5 R B A L A AR R A R U045 S RN 5 (B 93 BAUL 5 P LU b R ALE fo R A KL
A2 328 I A o
322 FHE ML
S FH 7 R O B KR A RLAR HEAT R, A3 B R RN
Dina= 117.5x1:06 (7
Horphif2i5 48 280 b=1.06, A IE R?=0.58, T Lt SEPRBRATRAR I A s B R 3 T e b
HUEE SRR AT B OB B 18 B B 1) 58 R R SRR I B KRR A KA 0 A UL ML, T8
RZEN 51.86%, HEHTRRECAFERIE ORMED, 7EHOL TSI R A RLARE T IEE 55
([ 6b), X T0 AL AMIE B A R TC IR AE, M DA T 0B s 2R (R TO A 0000 o D L 7 B 500
I A T AR AERT A X B KB A R A P A o

323 HEHEE
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FFH5E T Sternberg & HE (1 HEHUILL A 5 R AR A& ST B RO UTRR ) S8 KR A RLAR 43

AT, RBIERRRN:
Dinax= 90e026x (8)

Hrl &0 R?=0.88, 41k #¥0=0.26, W& HIZAWIE 6¢c . 4iREY, FEERB 1
S5t FC X i KB AR VR AR B B AL B TR S, TR ZE 0N 26.48%, FEASTT LA
IR BB KB AR AR B 0 B 8 1) A A R o 3R W I I B S PR s, VRO B DU AR R A K
RLAE B8 HE PR 25 1) e IR BOL I

X EEAS RIS 71923 Y T FE R B0 7 8 0K SR AR 05 S e b R AU DA BT VAt B ¢
RERARAE R U FEAR LI, 5 & SePR I KR A B AL A, b L ST 1) S5 KR A R AR
REINFFE SEPENL . RN, DURKERFRAE R O T2, R
G B — JC R I A S T AN IRCR, AT s Wt KR AT RLAR PR kB

ARSI 2 T ) E B

100 ~ 100 100
(@)
80 ¢ D, 80 80 [
% 60 | E 60 | :% 60
= -4 4
K 10 K 10 K 10 F
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Fig.6 Fitting curves of maximum clast size
(a)dingarfunction; (b) power function; (c) exponential function
33 FIRANETHHE

KA EDIT B P15 TR AR 42 BN R AR 4% Do 9 7.04 cm, %5 /5 P18 R HEHE
BS 1217 km B, PEPRAZIEECN 1.63 cm, JR/D T 76.8%. [FIFEXTERA 1P B KR IR Bk
SR VAT AT IE R S A
33.1 AW BHEME

SR FE X B AT B RAR BEAT R A&, R B G e B A

=7.04-0.49x (9

HA AR AR R K B=0.49, WAMLIE R=0.96, MAEER S, THIRZEN 18.59%, #
BT S5 5k A LA i 2 50 P 8 P 180 LA B S (2R M IR AR (P 72D, BEAC AT LARAE 250
B UE SRR AR AR R o (F PR T 3L R DR AR SR R e, B — e R IR
P, TERAEDIRAR R bR WEIRLAR 7 57 RHAE
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AR 7 B O 7T X P SRR A RS I AR R L A 1 A R
=9.26x054 (9
H A RAR B R 0=0.54, WEWE R=0.5, MEMRKE, WEMELE sa, LK
- R A AR 3 B S AE BT BR, R IR (& 7b), miAL P16~P18 PR %N 69.78%,
BB S y BAKAS, THMERBRARAE (Do), MELMRLTH) S MO SR AR AR 85 IR AE
HRREC T &S0 = SO, ARe e S RIS RLAR (B ok 5, (R EE T
7 BR B A 77 VR R ST I s AR R ANE T A DX P IR AR AR 1 2R AE
333 KIS
K PR G T7 10 P 040 RLAR B SL I 8 B R RN
=7.04 ¢01lx (11)
Hh it #80=0.11, R=0.77, BRABEIFHGE, FERZEN19.77%, XFEIBRfkAE
BRI R AE R A B BOV AR BER (B 70), HARE MR e E b i 2, 487
HeR B A R B e T 3 ) R G R S AR HURE FE « AR4E Whittaker er al. (2011 $2Hi 1«
KMt 57 Bk, SIIZE s 10 km B, SYEBARIIREREE LT, MR
BOR AT CRFFC e B TIOIRS B2, H BOR R RS I 25 S et S8 (1090 B o BAT S F0 R A
FEYUR A 2290 BBl 1) TS0 v 58 4 SR IR
FRIREANE AN 0P R AR A 10 3 a0 T R AT AR A (R R AL, (S BB AN 2, ANAER/N
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Quantitative Analysis of Downstream Fining Pattern in
Fluvial Fans: A case study of the Dagele River, Qaidam

Basin

LU JiaChen, ZHANG ChangMin, WANG LingHui, WANG HaoNan, SUN JiaHui, ZHANG
XiangHui, GUO Jun, YANG YuXin
School of Geosciences, Yangtze University, Wuhan 4301005.China

Abstract: [Objective] The study aimed to establish’a quantitative model of downstream grain-size diminution in
large-scale distributive fluvial systems (fluvial fans), and thus provide a knowledge base for predicting the
distribution of sedimentary systems in intelligent oil and gas exploration and development. [Methods] Detailed
descriptions of channel morphology and sediment grain size were conducted in the Dagle fluvial fan of the Qaidam
Basin, Qinghai, by combining field investigations with Google Earth, 91 Wei Tu, and Image] geographic
information software. Appropriaténmethods were selected to fit grain-size variation curves, and the longitudinal
changes in gravel size were summarized. [Results] It was found that the sediment grain size of the Dagle fluvial
fan is generally coarse, being dominated by gravels with a maximum clast size up to 90 cm at the apex of the fan,
and a clearly diminishing trend from the apex to the distal end. Exponential functions produced the best fit of the
trend of gravel-size diminution: for maximum clast size vs. distance, Dmax= 90e%2%%%; for average clast size vs.
distance, =7.04¢!'x, The critical role of hydraulic sorting in grain-size diminution is highlighted by comparing
these exponential models. Within the study area, the longitudinal decay model of maximum clast size is considered
to effectively reflect the grain-size variation trend of the entire distributive fluvial system, leading to the
establishment of a sediment-diminution model for the Dagle distributive fluvial system. [Conclusions] Sediment
grain-size variation is closely related to the source, the sediment supply, the hydrodynamic conditions and the
depositional environment, among other factors. This study provides a knowledge base for quantitative sedimentary

facies prediction and depositional system scale estimation in large-scale distributive fluvial systems.
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